
Fermilab FERMILAB-CONF-08-104-E

�����������
	��������������������
���������������������
�� "!$#�%'&�(�%')+*-,/.0%1 "243

57698;:=<?>A@CB9D7E0@CFG@CH9<?@CDJILKMD�N7OQP
RTSVU BT6XWC@C> Y�Z[Y�FGWC6]\_^�5`@ U4a ^cbd\�ZC>e>f@CB1ZC8g@CFG<?Z U4hGi

j !_k1&L%')+l�&
m *-n4l�#V&'o_#p!J#�,+*qn_n_*qn_,� +rs��2_n�t'tu)+&v&Lo4#Vwx#�%'y�*qz-)+!�{v#X|})"&'%' +n�&'o_#�~�(���34o���k'*ql�kv,+%' +2_34k
 +r�&'o_#�(���w�)+n_���c��#X��3J#X%'*-y�#Xn�&'k0o_)}|+#��p +%'�+#���&' �%'#X)"l;o�2_n43_%'#�lX#��_#�n�&'#���zq#�|+#�zqk0 "r
34%'#�l�*qk'*q +ncre +%�y�)+n���~�(��� "!4k'#�%'|})+!_zq#�kQ��{�o_)+n_��kV&L �&Lo4#�zq)+%',+#��4)+&L)+k'#X&��� }|+#�%V��r?!v���
 +r0*qn�&'#�,+%')+&'#���z-24y�*-n4 +k'*-&���%'#�l� +%'�_#X��!���#�)+l;o�#X��3J#X%'*-y�#Xn�&���y�)+n���*qy�3J +%'&')"n�&�n4#��
y�#X)"k12_%'#�y�#Xn�&'k�o_)}|+#�%'#Xl�#�n�&Lzq��!J#�#Xn�y�)+�_#�3_24!_zq*-l�)+n_���M*qzqz�!J#�k12_y�y�)+%'*-�X#���*-n�&'o_*qk
34)+3J#�%}�



� ���u�X }¡u¢�£�¤+�X¥¦¡x�

{�o4#�{�#�|})+&'%' "n§l� +zqz-*q�_#X%�)+&�wx#�%'y�*-zq)+!§3_%' }|�*q�_#Xk�lX "zqzq*-k1*- +n_k] +r�34%' +&L +n_k]��*q&Lo§)+n�&'*q�
34%' +&L +n_k�)+&�)�lX#�n�&L#X%� +rVy�)+k'k�#�n_#X%',"�] +r�¨Q© ª"«�{v#X¬��J{Mo4*-k�*qk�l�2_%'%'#Xn�&'zq�]&Lo4#=o4*-,+o4#�k'&
#Xn_#�%',+��l� +zqz-*q�_#X%�*qn/&'o_#=�p +%'z-����{�o_#=y�2_zq&'*-342_%'3J +k'#=�_#X&L#Xl�&' "%'k� +r7&'o_#�(���w ¨" )+n4�
�®�°¯  #���3J#�%'*qy�#�n�&'k�)+%'#�#���3_zq "*q&'*-n4,�&Lo4#�y� +%'#�&'o_)+n���re!v�v�$ +r�*qn�&L#X,"%')+&'#���z-24y�*-n_ +k1*-&��
34%' }|�*q�_#X��!���&Lo4#�{v#�|})+&'%' +n�*-n� "%'�4#�%�&L �y�)+�"#�*qy�3J +%'&')"n�&�3_%' +,+%'#�k'k�*qn�l� +n_k1&L%')+*qn_*qn_,
)+n4��lX "n4±_%'y�*qn_,�&Lo4#�lX)"zql�24z-)+&'*- +n_k�y�)+�4#�r?%' +y�²�2_)+n�&'2_y°l;o_%' +y� ��4��n4)"y�*ql�k�³'~�(��®L�

´V%'#�l�*qk'#�y�#�)+k'24%'#�y�#�n�&'k� "r�~�(��µ +!4k'#�%'|})+!_zq#�k�*qn�o_)+�_%' +n_�¶o_)+�_%' +n�l� +z-zq*qk'*q "n4k��
k12_l;o®)+k�·'#�&pl�%' +k'kpk1#�l�&'*q "n4kp��l� +n_k'&'%')+*-n�3_)+%'&' +n®�_#Xn_k'*q&���re2_n4l�&'*- +n_k�³?´���w¸k}�)"n4�®lX "n4�
±4%'y¹&'o_#]34%'#��_*ql�&'*-|+#]3J }�p#X%c +r�&'o_#X "%'���º{�o_*qkc%1#�k'2_zq&'k®*-nº)�!J#�&'&L#X%clX "n�&'%' "z� +r�&Lo4#
k1&L)+n4�_)+%'�»~�(��¼34%' ��42_l�&'*- +n]lX)"zql�24z-)+&'*- +n4k���o_*qlTo])+%'#�24k'#��]&' ®3_%'#��4*-lX&�y�)}·' +%�!4)+lT���
,+%' +2_n4�_kMr? +%My�)"n��®*-y�3J +%'&')+n�&M34o���k'*ql�)+z$34%' �lX#�k'k1#�k}��t�n�)+�_�4*-&'*- +n�½�&Lo4#�k13J#�l�*q±_lc~�(��
34%' �lX#�k'k1#�k���o4*-l;o�3J +k1#pl;o_)+z-zq#�n4,"#Xk�&' �n4#��¾3_o���k1*-lXk�k1#�)+%'lTo4#�k�k12_lTo=)+k�k12_3J#�%'k1��y�y�#X&L%'�
)+n4��¿�*-,+,+k�3_%' ��_2_lX&L*q +n�lX)"n�!J#�y�#�)+k'2_%'#X���4*-%'#Xl�&'z-����*q&Lo��_#X�_*ql�)+&L#X��)+n_)+zq��k1#�k}�

t�n/&'o_*qk�3_)+3J#�%�k' +y�#� +r7&'o_#�y� +k'&�%'#�lX#�n�&�y�#�)+k'24%'#�y�#�n�&Lk�re%' +yd&Lo4#�(���w�)+n4�
�®�°l� +zqz-)+!J +%')+&L*q +n_k���*-zqz�!J#]%'#X|�*q#��p#�����{�o_#Xk'#]y�#�)+k'24%'#�y�#�n�&'k®��*qz-z�!J#]k13_zq*-&®*qn�&' 
24n_�_#X%'z-��*qn_,�#X|"#Xn�&¸ "!4k'#�%'|})+!4z-#�kQ½L·'#�&¸l�%' +k'k¸k'#�lX&L*q +n_k}½})+n_�=!J +k' +n=3_zq2_kx·'#�&�lX%' "k1k¸k'#�l�&'*q +n
y�#X)"k12_%'#�y�#Xn�&'k}�

À �]Á4¢v }¡J�v¥¦¤���¡xÂ¦Â¦¥¦ÃX¥¦¡x��Ã�Á4�v¢�����¢�Ä� }Â¦Å�¥¦�vÆ���ÇxÄ��u����È�ÃXÄ� }Ç_Á_È�Â¦Ä�Ã

Proton AntiProton

Outgoing Parton
É

(PT Hard)

Outgoing Parton
É

(PT Hard)

‘‘Hard’’ Scattering Event

Final-State
Radiation

Initial-State
Radiation

Beam Remnants

Multiple Parton Interaction

Ê

w¸*q,"24%'#®¨+Ë�O4<?:�Ì$>A6�:=Z a 69>XY}ZC8�WC@ a 8gZ U <eÍ�ÍTZ+>?>f< h <eZ U4hTÎ

j !_%'*q#�r�*qn�&'%' ��_2_lX&L*q +n�*-n�&' �&'o_#=k'&'%'2_l�&'2_%1#� +r�o_)+�_%' +n_*ql=l� +zqz-*qk'*q +n_k�*-k�2_k1#�re24z�)+k
)�y� +&'*q|})"&'*q "n]re +%�·L#X&��_#�±4n_*q&L*q +nv�¸¿�)+�_%' +n4*-l�l� +zqz-*qk'*q "n4k�y�)}��!J#�r?)"lX&L +%'*q��#���*qn�&' �3J#X%'�
&'2_%1!_)+&L*q|+#]lX "y�3$ "n4#�n�&'k�³eo4)+%'�ºk1l�)+&L&'#�%'*qn_,�)+n4�º*qn_*q&L*q)+z�)+n_��±_n_)+z�k'&')+&L#/%')+�_*q)+&L*q +nv
)+n4��n4 "n4�G3J#�%'&'2_%1!_)+&L*q|+#�lX +y�3J "n4#�n�&Lk�³?!J#�)+yÏ%1#�y�n_)+n�&'k�)+n_�]y�2_zq&'*-34z-#�3_)+%'&' +n�*qn�&L#X%'�
)+l�&'*q +n_k}'��{�o_#Xk'#�lX "y�3$ "n4#�n�&'k�)+%'#�*qz-zq2_k1&L%1)"&'#���*qn�&'o_#�k'*qy�3_zq#»Ð¶l�)+%'&' � +n4Ñ�k'o_ }��n�*qn



±4,+2_%'#�¨+�®{�o4*-k�k'*qy�3_zq#c34*-lX&L24%'#c*qk�k1*-y�*qzq)"%�&' ]&Lo4#cy� ��_#�zV24k'#���!���)]34%' +,"%')+yÒz-*q�+#
Ó4Ô�Õ$Ö�×eØ �x &' �,+#�n4#�%')+&L#�o_)+�_%1 "n4*-l�l� +zqz-*qk'*q +n_k}�

w¸*q,"24%'#�¨Vk'o_ +2_zq��!J#M&Lo4 "24,"o�&¸ +rx)+k¸ �l�l�24%'%'*qn_,���*q&Lo4*-n�&'o_#M%')+�_*q2_k7 "rx&'o_#M3_%' +&' +n
)+%' +2_n4��&'o_#�lX "zqzq*-�4*-n4,�3_)+%'&L +n4k}�=t�n�r?)+l�&}½u&Lo4#�3_*ql�&'2_%'#c!J#�l� +y�#�k�y� "%'#cl� +y�3_zq*-lX)"&'#��
��o4#�nc&Lo4#�3_%' +3J#�%'&��= +r�~�(���l� +z- +%Vl� +n_±_n4#�y�#�n�&�)+n_�c�4#�&L#Xl�&' +%�#�ÙJ#Xl�&'k�)+%'#�*qn_l�zq2_�4#��v�
{�o4#cl� +zq "%'#X��3_)+%'&' +n_k�y=2_k'&�o_)+�4%' "n4*-�X#c*qn�&' ]l� +z- +%�n4#�2_&'%')+zVo_)+�_%' +n_kQ� j zqzV +r0&'o_#�k1#
34)+%'&L*ql�zq#�k® "%1*-,+*qn_)+&L*qn_,�re%' +y¹&'o_#]�_*-Ù$#�%'#�n�&cl� +y�3J +n_#�n�&'kc +r�&Lo4#�l� +zqz-*q�_#X%c#�|+#�n�&c)+%'#
*qn_�4*-k1&L*qn_,+2_*qk'o4)+!_zq#�*qn/&'o_#��_#X&L#Xl�&' +%}½4)+n_�/*q&�*-k�&'o4#�·L +!/ +rJ·'#�&�)+z-,+ +%'*-&'o_y�k�&' ®lXz-24k'&'#�%
&'o_#Xk'#� +!�·L#Xl�&'k�*qn�&' =·L#�&'k}�=w7*-,+2_%'# ¯ *qzqz-24k'&'%')"&'#�k�&Lo4)+&p·'#�&'k�y�)}��!J#�l�zq2_k1&L#X%'#���)+&�&Lo4#34)+%'&L +nÚ³e²�2_)+%'��k�)+n_�],+zq2_ +n_kQ¸ +%�34)"%'&'*ql�zq#�³?o_)+�_%' +n_kQ¸zq#�|+#�zv��o_#Xn]�_#X)"zq*qn_,®��*q&Lo/ÛÚ(
k1*-y=2_zq)"&'*q "n�½� +%��_#�&'#�lX&L +%�³?l�)+z- +%'*qy�#�&'#�%�&' }�p#�%'k}�z-#X|+#�z-kQ��Ü0rMl� +2_%'k1#�½�y�#�)+k'24%'#�y�#�n�&'k
)+%'#My�)"�4#0)+&¸&Lo4#0�_#X&L#Xl�&' "%7z-#X|"#Xz[½Q!_2_&¸*q&�*qk72_k'#Xre2_zs&' �2_k'#M&Lo4#0&'o_#034)+%'&L +n�)"n4�=34)"%'&'*ql�zq#
zq#�|+#�z�·'#�&'k�r?%' +yÝÛÚ(¾k1&L24�_*q#�k�&L ��4#�%'*q|"#�l� +%'%'#�lX&L*q +n_k�re +%�&'o_#�y�#�)+k'2_%'#X��²�2_)+n�&L*q&'*-#�kQ�

w¸*q,+2_%'# ¯ Ë/Þ�69F h Í9>Aß h FG698;< UQà Í1@ U BT6 a 6eá U 6 a @CF�FGWC6=Ìs@C8;FGZ U DVÌs@C8;FG<?Í9>A69D�@ U4a�a 69FG6TÍ9FGZC8>f69HX69> hTÎ



Û/ +k'&®%'#Xk'2_zq&'k®�4*-k'lX2_k'k1#��º*qn�&Lo4*-k�n_ +&'#]��*qz-z�r? �lX2_k� "n�&'o_#]34%' +3J#�%'&'*-#Xk® +r�&Lo4#
3$#�%'&'2_%'!_)+&'*-|+#�lX +y�3J "n4#�n�&� +rp&Lo4#�l� +zqz-*qk'*q +nv��¿� }�p#�|+#�%}½$k1&L24�_*q#�k� +rV&'o4#»ÐG24n_�_#X%'z-��*qn_,
#X|"#Xn�&'Ñ â4ã�ä  r?%' "y�(���w�r? �lX2_k� +n]y�#�)+k'24%'*qn_,® "!4k'#�%'|})+!4z-#�k�&Lo4)+&�)+%'#�k1#�n_k'*q&'*-|+#�&' 
&'o_#�n_ +n4�G3J#�%'&'2_%'!4)"&'*q|+#�l� +y�3J +n4#�n�&'k�k'2_l;o�)"k�!J#�)+y°%'#Xy�n_)+n�&'k�)+n_��y�2_zq&L*q3_zq#�3_)+%'&' +n
*qn�&L#X%')"lX&L*q +n_k}��{�o_#�k'#�k'&'2_�4*-#Xk�34%' }|�*q�_#�l� +n_k'&'%')+*qn�&'k�24k'#�r?2_z¸r? "%�&Lo4#=y� ��_#�zq*qn_,� +rV&Lo4#
n4 +n_�G3J#X%'&L24%'!_)+&L*q|+#�%'#X,"*qy�#�³?��o_#�%1#�3v~�(��
re)+*-zqk}'½�k'24lTo»)"k�&Lo4#�Ð¶k' +re&'Ñ�*-n�&'#�%')+l�&'*- +n_k
,+#�n4#�%')+&'*-n4,�&Lo4#�24n_�_#X%'z-��*qn_,�#�|+#�n�&���o_*qlTo�)+l�l� +y�3_)+n_*q#�k�&'o_#�ÐGo4)+%'�_Ñ�l� +zqz-*qk'*q +nv�

{�o_#p�4*-%'#Xl�&'*- +n� +r_&'o_#0z-#�)+�4*-n4,�lX)"zq +%'*-y�#X&L#X%4·L#�&�*qk�2_k'#X��&' �*qk' +zq)"&'#p%'#X,"*q +n_k� +r�å_�1æ
k13_)+l�#�&'o_)+&�)+%'#�k'#Xn_k'*q&'*-|+#�&' �&Lo4#�2_n4�_#�%'zq��*-n4,�#X|"#Xn�&}� j k�*qz-zq2_k'&'%')+&'#���*qn�±4,"24%'#��J½�&Lo4#
�4*-%'#Xl�&'*- +n� "r_&'o_#Vzq#�)+�_*qn_,7·'#�&}½g·'#�&'ç/¨"½9*qkv2_k1#���&' ��_#X±_n_#pl� +%'%'#�zq)+&L*q +n_k�*-n�&Lo4#V)+��*qy�2_&'o_)+z
)+n4,"zq#�½�è�æ��v{�o_#�)+n_,+z-#�è�æ�éêæ�ë�æsìîí�ï?ð � *qkM&'o_#�%'#Xz-)+&'*-|+#�)"�X*-y�24&'o_)+zu)"n4,"zq#�!J#�&��p#�#Xn)�lTo4)"%1,"#X�¾34)+%'&L*ql�zq#�³? "%�)�l�)+z- +%'*qy�#�&'#�%�&L }�0#�%}�)+n_�»&'o4#��4*-%'#Xl�&'*- +n» +r¸·L#X&Lç/¨+��{�o4#
Ð¶&'%')+n_k'|+#�%'k1#�Ñc%'#�,+*q "n]*-k�3$#�%'3J#�n4�_*ql�2_zq)+%�&L c&'o_#�34z-)+n_#� "r¸&'o_#�o_)+%'� ¯ �G&' +� ¯ k'lX)"&'&'#�%'*qn_,)+n4�®*qk0&Lo4#�%'#�r? +%'#�|+#�%'�ck'#�n4k'*-&'*q|+#�&' �&'o_#/Ð¶2_n4�_#�%'zq��*-n4,�#�|+#�n�&LÑJ�v{�o4#�k'#�%'#�,+*q +n_k0l�)+n�!J#
k1&L24�_*q#���r? "%��4*-ÙJ#X%'#�n�&�#X|"#Xn�&�&' "3J +zq +,"*q#�k�k'2_l;o�)+k�zq#�)+�_*qn_,�·L#X&�³?%'#�²�2_*q%'#= +n_#= +%�y� +%'#
·'#�&'k}'½�!_)+lT���G&' +�G!_)+l;��³?%'#�²�2_*q%'*-n4,�&��p ] "%�y� +%'#�·L#X&Lk���*q&'o�&Lo4#cz-#X)"�4*-n4,=·'#�&'k�!_)+lT���G&' +�
!4)+lT�®*qn�æ�'½�)+n_��#���l�zq2_k1*-|+#��_* ·L#X&�³?%'#�²�24*-%'*qn_,� +n_zq�®&��p �·'#�&'k��Mo4*-l;o�)+%'#�!4)+lT���G&' "�¶!_)+lT�
*qn�æ�'��ñ0��k1&'2_�_��*-n4,]�_*qÙJ#X%'#�n�&�%'#�,+*- +n_k�)+n4��#X|"#Xn�&�&L +3J +zq ",+*q#�k�l� +y�3J +n_#Xn�&'k� +rM&Lo4#
o4)+�_%' +n_*ql�lX "zqzq*-k1*- +n�l�)+n�!$#�*qk' +z-)+&'#��v�

w¸*q,+2_%'#��JË�I9>?>Aß h FG8g@CFG<?Z U Z[Y]ÍTZC8;8g69>A@CFG<?Z U4h < U @óò"<e:�ß�FGWC@C>p@ UQà >A6�æô8g6X>f@CFG<eH96]FGZ�FGWC6 a <eõ
8g6TÍ9FG<eZ U Z[Y�FGWC6�>f61@ a < UQà�ö 69Fp< U FGWC6�6XH96 U F Î�S B h 698;H9@CB9>A6 h�h FGß a <?6 a < U FGWC6Ú÷[FG8g@ U4h HX698 h 6sø
8g6 à <eZ U @C8g6 h 6 U4h <eFG<?H96=FGWC6»÷[ß U4a 698;>Aù"< UQà 69H96 U FTø Î

(���w`o4)"kc%'#�lX#�n�&'zq�¾2_3J�_)+&'#���&'o_#�*q%�ú�ûük'&'2_�_*q#�kcre +%�zq#�)+�_*qn_,�·L#�&�#X|"#Xn�&'k�)+n4�
 +&'o_#X%�#�|+#�n�&�&' +3J +z- +,+*q#�k�)+%'#�2_n_�4#�%�k1&'2_�_��� j k�)+n�#���)+y�34z-#� +r�&'o_#�&���3J#Xk� "r� +!4k'#�%'|��
)+!4z-#�k�y�#�)+k'2_%'#X�v½Q&'o_#Ml;o_)+%',+#���34)"%'&'*ql�zq#M�_#Xn_k'*q&���3$#�%72_n_*q&�åMë�æ=*-n�&'o4#M&L }�0)"%'��½Q)}�p)}��½
)+n4�/&'%')"n4k'|+#�%'k1#�%'#�,+*q "n4k�*qk�k'o4 }��n/*qn/±_,+24%'# â ��{�o_#=,+ ")+z�*qk�&' �3_2_!4z-*qk'o�y� +%'#=&Lo4)+n



w¸*q,+2_%'# â Ë�ývWC6=ÍXWC@C8 à 6 a Ìs@+8óFG<eÍ9>A6 a 6 U4h <?FGù�Ìs698�ß U <eF4å�ë�æ¾< U FGWC6�FGZCþ7@C8 a D¸@Cþ7@CùQD¸@ U4aF¶8�@ U4h H9698 h 6®8g6 à <?Z U4hTÎ ý�WC6�ÌsZC< U F h @C8g6�FGWC6 a @CFG@/Í1ZC8;8g6TÍ9FG6 a FGZ/FGWC6�Ì�@C8;F¶<eÍ9>A6�>A69H969>¸@ U4a
F¶W+6�>A< U 6 h @C8g6=F¶W+6 Ó_Ô�ÕJÖ�×eØ Ì$8g6 a <eÍ9FG<?Z U Y9ZC8�61@CÍ9W a < h FG8;<?BXßsFG<eZ U4Î

 +n4#�o�2_n_�4%'#����_*qk'&'%'*-!42_&'*q "n4k� +r� +!_k'#X%'|})+!_zq#�k�l� +%'%'#�l�&'#���&' �&'o_#�3_)+%'&L*ql�zq#�z-#X|"#Xz[�¸{�o_#�k1#
%'#Xk'2_zq&'k���*qzqzv!J#�2_k'#Xre2_z�re +%�&'2_n4*-n4,®)+n_�/*qy�3_%' }|�*qn_,�&'o_#� +%'#�&'*ql�)+zvy� ��_#�zqk� "r7o4)"�4%' +n_*ql
lX "zqzq*-k1*- +n_kQ��ú�n_�_#X%'k'&')+n_�_*qn_,�&'o_#]2_n4�_#�%'zq��*-n4,�#�|+#�n�&cl� +n�&'%'*q!_2_&'*q "nº&' �·L#X&c#�|+#�n�&Lk®*qk
*qy�3J +%'&')"n�&�r? +%�y�)+n���k'#�)+%'l;o_#�k=)+&�&'o_#�ÿv)"%',+#�¿�)"�4%' +n�(� "zqzq*-�4#�%�³eÿv¿�(��)"n4�¾y�#�)+�
k12_%'#�y�#Xn�&'k� +r�&'o_*qk�&���3J#���*qzqz�z-*q�+#�zq�®!$#� +rv&'o4#�±_%1k'&�y�)"�4#�)+&�&'o_#�ÿ�¿�( « ã��  �

� � Ä����� Q¡xÃXÃcvÄ�¤C��¥¦¡x���`Ä�Á4ÃX£� }Ä���Ä�����Ã
�J�q¨ I U Í9>Aß h <?H96=Þ�69F�\v8gZ hTh O46TÍ9FG<eZ U4h
{�o4#�y�#�)+k'24%'#�y�#�n�&M +r�&Lo4#��_*qÙJ#�%'#Xn�&'*q)"z�*qn_l�zq2_k1*-|+#p·'#�&�l�%' +k'k�k1#�l�&'*- +n�)"&�&'o_#�{�#�|})+&'%' +n
34%' +!J#�k�&'o_#�o_*q,+o_#�k1&�y� "y�#Xn�&'2_y &L%')+n4k're#X%'k�*qn�34)"%'&'*ql�zq#�lX "zqzq*-k'*q +n_kQ½$)+n_��&Lo�2_k�*-k�3J +�
&'#�n�&'*-)+zqz-�=k'#Xn_k'*q&'*-|+#�&' �n_#���34o���k'*ql�k�k'24lTo�)+k�²�2_)+%'�=k'2_!4k'&'%'2_l�&'2_%1#	�  ��{�o4#�y�#�)+k'2_%'#X�
y�#Xn�&�)+z-k' c3_%1 9|�*q�_#�k�)cre24n_�_)+y�#Xn�&')+z�&'#�k'&� +r�3_%'#X�_*ql�&'*- +n_k� "r¸3J#�%'&'2_%'!4)"&'*q|"#�²�2_)+n�&L24y
l;o_%' +y� ��_��n_)+y�*-lXk=³e3�~�(��c ª ã ¨�
J ��(� "y�34)+%'*-k1 "n4k� +r�&'o_#�y�#�)+k'24%'#���l�%' +k1k�k'#�l�&'*q +n
��*q&'oc3v~�(���3_%'#��4*-lX&L*q +n_kV3_%' }|�*q�_#�l� +n_k'&'%')+*qn�&'kV "nc&'o_#�3_)+%'&' +nc�_*qk'&'%'*-!42_&'*- +ncre24n_l�&'*q "n
³?´V��w�� "r�&Lo4#®³?)"n�&'*[?3_%' +&' +nv½�*qn�3_)+%'&'*-lX2_zq)"%�)+&�o_*q,"o�y� +y�#Xn�&'2_yÝr?%')+l�&'*- +n�³����
4© �J
��o4#�%'#�&Lo4#®,+zq2_ +n¾�_*qk'&'%'*-!42_&'*- +n¾*qk�3J � +%'z-��lX "n4k'&'%')+*-n4#�� ¨+¨+ ��w424%'&Lo4#�%�lX "n4k'&'%')+*-n�&'k
 +n�&Lo4#�,+zq2_ +n��_*qk'&'%'*-!42_&'*- +n�)+&Mo_*q,"o��/��*qz-zulX +n�&'%'*-!42_&'#�&L �%'#X�_2_lX#���2_n_l�#X%'&')"*qn�&'*q#�k� +n
&'o_#X +%'#�&'*-l�)+zV3_%'#X�_*ql�&'*- +n_k� +r0y�)+n���*qn�&'#�%'#Xk'&'*-n4,]3_o���k1*-l�k�3_%' �l�#�k1k'#�k�!$ "&'o�r? +%�#���3J#�%'*q�
y�#Xn�&'k�)"&�&Lo4#�{v#�|Q)"&'%' +n])+n_�]re +%�r?2_&'2_%'#�#���3J#�%'*qy�#�n�&'k�)+&�&'o_#�ÿ�¿�(��sûV��&L#Xn_�_*qn_,®&Lo4#
y�#X)"k12_%'#�y�#Xn�&'k�&' /o_*q,+o_#�%�%')+34*-�_*q&'*-#Xk�k1*-,+n_*q±_lX)"n�&'z-��*qn_l�%'#X)"k1#�k�&'o_#���*qn_#�y�)+&'*-l�%'#�)+l;o



*qn�&Lo4#��$��� k'34)+l�#�½C��o4#�%'#�� �4#�n_ +&'#�k0&'o4#�y� +y�#�n�&L24y�&'%')+n_k'r?#�%}½C)+n_��o_#�zq3_kM&' =3_zq)"lX#
k1&L%' +n4,"#X%�l� +n_k1&L%')+*qn�&'k� "n�&'o_#�,"zq2_ +n�´V��w��

 (GeV/c)JET
TP

0
�

100
�

200
�

300
�

400
�

500
�

600
�

700
�

(G
eV

/c
)

n
b

 
T

d
Y

d
Pσ2 d

-1410
�

-1110

-810
�

-510
�

-210

10

410
�

710
�

1010

1310
�

)6|Y|<0.1 (x10

)
3

0.1<|Y|<0.7 (x10

0.7<|Y|<1.1

)
-3

1.1<|Y|<1.6 (x10

)
-6

1.6<|Y|<2.1 (x10

=0.75mergeMidpoint:  R=0.7, f

) 
�-1CDF Run II Preliminary   (L=1.13 fb

�
Data corrected to the hadron level

Systematic uncertainty

=1.3sep/2, R
 JET

T
!=PµNLOJET++ CTEQ 6.1M  

 (GeV)
T

p"50
#

60
$

100 200 300
%

400

dy
 (

pb
/G

eV
)

T
/d

p
σ2 d

-610

-510

-410

-310

-210

-110

1

10

210

310

410

510

610

710  |y|<0.4 (x32)
 0.4<|y|<0.8 (x16)
 0.8<|y|<1.2 (x8)
 1.2<|y|<1.6 (x4)
 1.6<|y|<2.0 (x2)
 2.0<|y|<2.4

 = 1.96 TeVs&
-1L = 0.70 fb

 = 0.7coneR
'

NLO pQCD
(

+non-perturbative corrections

T
 = p

F
µ) = 

R
µ)CTEQ6.5M   

*
600
$

DØ Run II

w¸*q,+2_%'# ä Ë�ývWC6�< U Í9>Aß h <eH96 ö 69FuÍ98gZ hThVh 6TÍ9FG<?Z U�a < h FG8;<?B9ß�FG<?Z U4h 8g61ÍT6 U FG>fù�:=6T@ h ßs8g6 a B9ù�\4^�5R >f6 Y}F i @ U4a ^�b R 8;< à WCF i ß h < UQà FGWC6�+]< a ÌsZC< U FVÍTZ U 69õ ö 69FpÍX>fß h FG698;< UQà @C> à ZC8;<?FGWC: Î

{�o_#�*qn_l�zq2_k'*q|+#®·L#�&�lX%' "k1k�k1#�l�&'*q "n o_)+k�!J#�#�n y�#�)+k'24%'#�� *-n ��24nêt'tc!��`(���w
¨ ¯4ã ¨T�J )+n_���c� ¨ â  ��{�o4#�y� +k'&p%1#�l�#�n�&py�#�)+k'24%'#�y�#�n�&'kp24k'*qn_,�&'o_#�Û/*q�_3J +*qn�&plX "n4#
·'#�&0l�zq2_k1&L#X%'*-n4,=)+z-,+ +%'*-&'o_y°)+%'#�k'o4 }��n�*qn�±_,+2_%'# ä ��{�o_#�(���w�%'#�k'24z-&�³?zq#�re&}�l� +y�34)"%'#Xk��*q&'o-,�ÿMÜ�3_%'#��4*-l�&'*q +n_k�2_k1*-n4,](�{�û�~0«J�-¨;ÛÒ´V��w¸k�)+n_��¨Q© ¨�re! �v�  +rvz-24y�*-n4 "k1*-&��®)+n4�
!4%'#�)+��kc&'o_#�y�#X)"k12_%'#Xy�#Xn�&c*-n�&' �±4|"#�%')+34*-�4*-&��¾%1#�,+*- +n_kc��*q&'o/. 01.�2 ¯ ©e¨+½���o_*qzq#�&Lo4#
�®� %'#�k12_zq&�³e%'*q,+o�&}0l� +y�3_)+%'#Xk���*q&Loê(�{�û�~0«J� ä Û ¨ ä  24k'*qn_,�
4© � r?! ���  +r0z-24y�*-n4 "k1�*q&��»)"n4��k'34z-*q&'kc&'o_#�%')+3_*q�_*q&��¾*qn�&L �k'*q�»%'#�,+*- +n_k®��*-&'o/. 03.42 ¯ © â �Ú{�o_#]l� +y�3_)+%'*-k1 +n��*q&'o-,�ÿ0Üê3�~�(�� *-k�k'o4 }��n�!���&')+��*qn_,�&'o_#�%')+&'*- �³e� j { j45 {�¿�û�Üp�76��*qn�±_,+2_%'#�k�«
)+n4� � ��ñM +&Lo�y�#X)"k12_%'#�y�#Xn�&'k� +!_k'#X%'|"#�%'#X)"k1 "n4)+!_zq#�)",+%'#�#Xy�#�n�&���*-&'o�&'o_#8,�ÿ0Üô3_%1#���4*-lX&L*q +n_k�)+n_��k1#�#=k'*qy�*qz-)+%�&'%'#�n_�4k�*-n�&'o_#=�4)"&')�)+&�o_*q,+o�%')+3_*q�_*q&L*q#�kQ��t�n�)+�_�4*-&'*q "n�&Lo4#
k1��k1&L#Xy�)"&'*ql�2_n4l�#�%'&')+*-n�&'*-#�k1k�)+%'#�k'y�)+zqz-#X%�&Lo4)"n]&Lo4#�´V��wÚ2_n_lX#�%'&')"*qn�&[�� +n�&'o_#�&'o_#� +%'�
34%'#��_*ql�&'*q "n�)+n_��&'o_#���k1o_ +2_zq�/&'o4#�%'#�r? "%'#=!J#=2_k'#Xre2_z�&' �lX "n4k'&'%')+*-n�&'o_#=3_%' +&' "n�´V��w¸k}�
�®�ê%'#�l�#Xn�&'z-��%'#��_24l�#���&'o_#�*q%�)+!_k' +zq2_&'#0·L#�&�#�n_#X%',+��k'l�)+zq#�2_n_lX#�%'&')"*qn�&�������o_*qlTo���*-#Xz-�4k
&'o_#��_ +y�*qn_)+n�&�k'��k'&'#�y�)+&L*ql�2_n_lX#�%'&')+*-n�&��]*-n�&'o_*qk�y�#X)"k12_%'#�y�#Xn�&��M&' �z-#Xk'k�&Lo4)"n ¯:9 ½)+n4�¾&'o_*qk=*qy�3_%' }|+#�y�#Xn�&=��*qzqz0z-#�)+�»&' �*-y�3J +%'&')+n�&=lX "n4k'&'%')+*-n�&'k= +n»&Lo4#�,+zq2_ +n¾´V��w��
{�o4#�k'#=%'#�k12_zq&Lk�)+%'#=)+z-k1 �%'#X)"k1 "n4)+!_z-�]l� +n_k1*-k'&'#�n�&���*q&'o�&Lo4#=%'#�l�#Xn�&'z-�]3_2_!4z-*qk'o4#���(���w
y�#X)"k12_%'#�y�#Xn�& ¨;«J 2_k1*-n4,c&'o_#<;>=�l�zq2_k1&L#X%'*-n4,c)+zq," +%'*q&Lo4y ¨ �  3J +*qn�&'*-n4,c&' c&'o_#�lX "n4�
lXz-24k'*q "n�&'o_)+&7&Lo4#?;@=��G&���3J#M)+z-,+ +%'*-&'o4y`lX)"n��p +%'���0#�zqzs*-n�&'o_#M�4*BA�lX2_zq&¸o_)+�_%' +n�lX "zqzq*-�4#�%
#Xn�|�*-%' +n4y�#�n�&}�



0.5
C1.0

1.5

|y| < 0.4

DØ Run II
D

-1L = 0.70 fb
E  = 0.7coneR

F

50
G

100 200
H

300
I0.0

J0.5
J1.0

1.5

1.2 < |y| < 1.6

NLO scale uncertainty 

0.4 < |y| < 0.8
C

T
 = p

F
µK = 

R
µKNLO pQCD  

L
+non-perturbative corrections

50
G

100 200
H

300
I1.6 < |y| < 2.0

CTEQ6.5M with uncertainties

MRST2004

0.8 < |y| < 1.2
C

Data
Systematic uncertainty

50
G

100 200
H

300
I2.0 < |y| < 2.4

M
 (GeV)

T
pN

da
ta

 / 
th

eo
ry

 (GeV)
T

pN

da
ta

 / 
th

eo
ry

 (GeV)
T

pN

da
ta

 / 
th

eo
ry

 (GeV)
T

pN

da
ta

 / 
th

eo
ry

 (GeV)
T

pN

da
ta

 / 
th

eo
ry

 (GeV)
T

pN

da
ta

 / 
th

eo
ry

w¸*q,+2_%'#�«JË�ývWC6c< U Í9>fß h <eH96 ö 69FMÍ98gZ h1h�h 6TÍ9FG<eZ U 8g@CFG<?Z h FGZ�FGWC6PO�K S ÌRQ�\_^�Ì$8g6 a <?Í9FG<eZ U4h
Y}8gZC:`^�büß h < UQà F¶W+68+�< a ÌsZ+< U FpÍ1Z U 69õ ö 69FpÍ9>Aß h F¶6X8;< UQà @C> à ZC8;<eFGWC: Î

0.5

1

1.5

2

2.5

3

3.5

|y|<0.1

50 100 150 200

0.8

1

1.2

1.1<|y|<1.6

50 100 150 200

0.8

1

1.2

D
at

a 
/ T

h
eo

ry

0.5

1

1.5

2

2.5

3

3.5

0.1<|y|<0.7

50
S

100 150 200

0.8

1

1.2

 (GeV/c)JET
TpT100 200 300 400 500

1.6<|y|<2.1

50 100 150

0.8

1

1.2

 (GeV/c)JET
T
UpV0 100 200 300 400 500 600 700

0.5

1
1.5

2
2.5

3

3.5

0.7<|y|<1.1

50 100 150 200

0.8

1

1.2

Data (parton level) / NLO pQCD
PDF Uncertainty on pQCD
MRST 2004
Systematic uncertainty
Including hadronization and UE

=0.75mergeMidpoint:  R=0.7,  f
W

=1.3sep/2, R
XJET

T=pµYNLO: NLOJET++, CTEQ 6.1M, 

CDF Run II Preliminary  
-1

 L=1.13 fb∫
Z

  

w¸*q,+2_%'# � Ë�ývWC6c< U Í9>fß h <eH96 ö 69FMÍ98gZ h1h�h 6TÍ9FG<eZ U 8g@CFG<?Z h FGZ�FGWC6PO�K S ÌRQ�\_^�Ì$8g6 a <?Í9FG<eZ U4h
Y}8gZC: \_^�5`ß h < UQà FGWC68+�< a Ì�ZC< U FpÍ1Z U 69õ ö 69FpÍ9>Aß h F¶6X8;< UQà @C> à ZC8;<eFGWC: Î



�J� ¯ ^c< ö 6XF[+]@ h1h
t�n�)+�_�4*-&'*- +n�&' �!J#�*qn_,�)�re2_n4�_)+y�#�n�&L)+zC&'#�k1&� +r�3�~�(����Mo4*-l;o�l�)+n�!$#�2_k1#���&L �l� +n_k'&'%')+*qn
´V��w¸kQ½C&Lo4#��_* ·L#X&py�)+k'k�³]\_^`^Q�l�%' +k'k0k'#Xl�&'*- +n��4*-k1&L%1*-!42_&'*- +n�lX)+n�!J#�2_k1#���&' =l� +n_k'&'%')+*qn
n4#���34o���k'*ql�k�y� ��_#Xz-k���o_*qlTo�3_%'#��4*-lX&�o_#�)}|���3_)+%'&L*ql�zq#�k��_#Xl�)}��*qn_,�&' ��4* ·'#�&'k}� j %'#�l�#Xn�&
y�#X)"k12_%'#�y�#Xn�&cre%' +y (���w  +r�&'o_#]o_*q,"oº�_* ·L#�&cy�)+k'kc34%' ��42_l�&'*q "nºl�%' +k'kck1#�l�&'*q "nºre +%
¨ � 
a2b\c^`^�2°¨;� ä 
�.0#X¬edgf`h�2_k'#Xk®¨}©e¨�r?!v�v�� +rVzq2_y�*qn_ +k'*q&���� j k�k'o4 }��n�*qn�±_,+2_%'# �
n4*-lX#�)+,+%'#�#�y�#Xn�&���*q&Lo�&'o_#i,�ÿMÜ�34%'#��_*ql�&'*q "n4k� +rj,�ÿ0Ü[k�û�{elil ¨ �  �

]
m2

 [GeV/cjj
nM

200
o

400
p

600
q

800
r

1000 1200 1400

D
at

a 
/ T

h
eo

ry

0
s

0.5
s

1

1.5

2
o

2.5
o

3
t

-1 = 1.13 fb
int

|<1, L
ujet1,2

v
Midpoint, R=0.7, |y

=1.3)sep, Rw
0

µx(jet1,2)/2=
ymean

T=pµxData / NLO (CTEQ6.1M, 

Systematic uncertainties
z
PDF uncertainty from CTEQ
{

(CTEQ6.1M)
y

σ|(MRST2004) / 
y

σ|
)
}

0
µx(yσ|) / 

}
0

µx(2 x 
y

σ|
=1.3)sep(R

y
σ|) / 
}

sep(without R
y

σ|

CDF Run II Preliminary

6 % luminosity uncertainty not included
~

±

w¸*q,+2_%'# � Ë�ývWC6 a < ö 69F7:=@ hTh Í98gZ h1h�h 6TÍ9FG<eZ U 8g@+F¶<eZ�F¶Z�FGWC6�O�K S ÌRQ�\_^ôÌ$8g6 a <eÍ9FG<?Z U Y}8�ZC:\4^�5`ß h < UQà FGWC6�+]< a ÌsZC< U FpÍTZ U 69õ ö 69FVÍ9>fß h FG698;< UQà @C> à ZC8;<?FGWC: Î

�J� �����sÍ9>Aß h <eH96�^c< ö 6XF h
t�n�)"n4 +&Lo4#�%¸#���l�*q&'*-n_,�y�#X)"k12_%'#�y�#Xn�&¸&'o_#0±4%'k'&¸ +!_k'#X%'|})"&'*q +n= +r4#���l�zq2_k1*-|+#0�4* ·'#�&¸3_%' ��_2_lX�
&'*q +n=o_)+k7!J#�#�n�%'#�3J +%'&'#���!���(���w ¨;ªJ ��t�n�&Lo4*-k7)"n4)+z-��k'*qk¸&'o_#M3_%'#Xk'#�n4l�#0 +r4#X��lXz-24k'*q|"#Xz-�
34%' ��42_l�#X���_* ·L#X&Lk�³���l����������>l ¯>������� l�����$�p)+k��_#Xy� "n4k'&'%')+&L#X��!���k'&'2_�4��*qn_,�&'o_#��4*-k1�&'%'*q!_2_&'*q +n_k� "r¸&'o_#�&Lo4#��4*-�A·'#�&�y�)+k'k�re%')+l�&'*q "n�½s�_#X±_n_#X��)+k�&'o4#��_* ·L#X&�y�)"k1k��4*-|�*-�4#��]!��
&'o_#�r?2_zqzvk'��k'&'#�y
y�)+k'kQ�0{�o_#��_*q�A·'#�&�y�)+k'k�re%')+l�&'*q +n]�4*-k1&L%'*q!_24&L*q +n_k�)+n_�/&'o_#�#���l�zq2_k'*q|+#
�4* ·'#�&�y�)+k'k��_*qÙJ#�%'#�n�&'*-)+z�l�%' +k1k�k'#Xl�&'*- +n��_*qk'&'%'*-!42_&'*- +n�)+%'#�,+*q|"#Xn�*qn�±_,+2_%'#�ªx�

{�o_*qkp#���l�zq2_k'*q|+#��_* ·L#�&p%'#�k'24z-&V*qkp*qy�3J +%'&L)+n�&V!J#�lX)"24k'#�*q&V|+#�%'*q±_#�kp&'o_)+&V&'o_#X "%'#X&L*ql�)+z
lX)"zql�24z-)+&'*- +n4k°¯ 
 ã�¯ ¨" o_)}|+#�l� +n�&L%1 "z7 }|+#�%�#���l�zq2_k'*q|+#�3_%' ��_2_lX&L*q +n�lTo4)+n_n_#Xz-k�zq*q�"#�&Lo4#



X / Mjj = Mjj
�R

0
�

0.2
�

0.4
�

0.6
�

0.8
�

1

E
ve

n
ts

0
�

100
�
200
�
300
�
400
�
500
� CDF Run II Preliminary
�

DPE data (stat. only)
H1⊕POMWIG: CDF

ExHuME
POMWIG + ExHuME

| < 5.9gapη�3.6 < |
 > 10 GeVjet2
�
TE

 < 5 GeVjet3
�
TE

 < -0.5jet1(2)
�

η�  0.8 %± = 20.8 exclF
(stat. only)

)
�2 (GeV/c

jj
�M

20 40 60
�

80
 

100 120 140 160

2
G

eV
/c

p
b

 
jj¡

d
Mex

cl
jj¡ σd

-310
¢

-210
¢

-110

1
¢

10
¢

210
¢ ExHuME (Hadron Level)

£
Default
Derived from CDF Run II

)
min
T (Eexcl

jj
¤σPreliminary 

| < 2.5jet1, 2
¥

η|
 < 5.9gapη¦3.6 < 

 < 0.08
p

ξ0.03 < 

Systematic Uncertainty

w¸*q,+2_%'#�ªJË�ývWC6v^c<eõ ö 69F$:=@ hTh Y98g@CÍ9FG<?Z U]R >A6eY}F i @ U4a FGWC6�6§�sÍ9>Aß h <?H96 a < ö 69F$:�@ hTh�a < ¨�698g6 U FG<e@C>
Í98gZ hTh�h 6TÍXF¶<eZ U�a < h FG8;<?BXßsFG<eZ U�R 8;< à WCF i"Î

 +n4#�kck1o_ }��n�*qnº±_,+2_%'#»¨©
J��{�o_#]#���lXz-24k'*q|"#]¿�*-,+,+kc!$ "k1 +n�3_%' ��_24l�&'*- +nºy�#�lTo4)"n4*-k1y
34%' }|�*q�_#Xk�)+n]#���l�*q&'*-n4,®�_*qk'l� }|+#�%'��3J +k'k'*q!_*qzq*-&���re +%�&'o_#�ÿ�¿�(Ú)"n4�]&'o_*qk�#X��l�zq2_k1*-|+#��4* ·'#�&
lX%' +k'k�k'#Xl�&'*- +n�y�#X)+k'2_%'#Xy�#�n�&�k1#�%'|+#�k�)+k�)�2_k1#�re24z+lX)"zq*q!_%')+&'*- +n�lTo_)+n_n4#�zCre +%�&'o_*qk�34%' �l�#Xk'k}�

p

p

p

p

g
g

g

Jet
ª
Jet
ª(a)

p

p

p

p

g
g

g
H(b)

«

w¸*q,+2_%'#�¨�
JË¬�8gZ a ß�Í9FG<?Z U§a <?@ à 8�@C: h Y}ZC8�6`�_Í9>Aß h <?H96 a < ö 69F R @ i @ U4a 6`�_ÍX>fß h <?HX6�®�< àXàsh
Ì$8gZ a ß�Í9FG<?Z UÚR B i"Î

¯ ° ¡xÃX¡x��±�Â¦£vÃ � Ä��²�`Ä�Á4ÃX£� }Ä���Ä�����Ã
ñM +k' +nê3_zq2_k�·'#�&�34%' ��_24l�&'*- +nê3_%' �l�#Xk'k'#�k�y�#�)+k'24%'#��ê)"&�&'o_#�{�#�|})+&'%' "nê#���3J#�%'*qy�#�n�&'k
)+%'#]2_k'#�r?2_z�&' �k'&'2_�_�»3v~�(�� )+n_��*qn�)+�4�_*q&L*q +n�)+%'#�k1 "y�#] +r�&'o_#]y� +k1&�*qy�3J +%'&')+n�&
!4)+lT��,"%' +24n_�_k0*qn�n_#X��34o���k'*ql�k0k'#X)+%'lTo_#Xk}�v{�o_#�y� +k1&p%'#�lX#�n�&0%'#�k12_zq&Lk0r? "%�³]3_zq2_k�·'#�&}½µ´
34z-24k�·'#�&}½�)"n4�·¶ 34z-24k�·'#�&�l�%' +k'k�k'#Xl�&'*- +n_k�)+%'#�34%'#�k'#�n�&'#���n_#���&9�

â �q¨ ý48;< Ì$>f6�^c< ¨�698g6 U FG<e@C>¸³�l�Þ�6XF�\�8�Z hTh O461Í9FG<?Z U
¿�*qk'&' +%'*-lX)"zqzq��½�*qn_lXz-24k'*q|"#��4*-%'#Xl�&M34o_ +&L +n�l�%' +k'k�k1#�l�&'*q "n�y�#�)+k12_%'#�y�#Xn�&'k�o_)}|+#� +!_k'#�%1|"#X�
y�#X�_*q �l�%1#®)+,+%'#�#�y�#Xn�&���*q&Lo¾&'o_#� +%'#X&L*ql�)+zp3_%'#X�_*ql�&'*- +n_k ¯+¯4ãM¯ � ã�¯"â  ����#Xl�#�n�&Lzq��½v�®�



o4)+k=y�#X)"k12_%'#��»&'o_#�&'%'*-34z-#��4*-ÙJ#X%'#�n�&'*q)+z�³¹l ·'#�&=l�%' +k1k=k1#�l�&'*q "n§³ º¼»¼½º©¾À¿Á¸º�Â ¿ º�ÂÀÃ`ÄÆÅ �*qn»)+n
#XÙJ +%'&�&' c2_n4�_#�%'k1&L)+n_�]&'o_#Xk'#��_*qk'l�%'#X3_)+n_l�*q#�k ¯+ä  �V{�o_#�)+n_)+zq��k1*-k�%'#X²�2_*q%'#�k�)®3_o_ +&' +n
*qn�&'o_#=lX#�n�&'%')+z�%'#X,+*- +n�³§. åÇ.È2µ¨Q© 
JV�M*q&'oÉ��=	Ê§�Ë
�.0#�¬�dgf�)"n4��)�·L#�&�*-n�&'o_#�l�#�n�&L%')+z
³§. å1.Ì2	
4© � ¸ "%�r? "%1�p)"%1�¾³L¨Q© ä 2/. å1.Ì2 ¯ © ä ¸%'#�,+*- +n���*q&'o���=:Ê ¨ ä .M#�¬�dËf9�¸{�o_#�lX%' "k1kk1#�l�&'*q "n�y�#�)+k'24%'#�y�#�n�&�*qk�&'o_#�n�y�)+�_#�*-n�re +2_%��_*qk'&'*-n4l�&���*-n4#�y�)+&L*ql�%'#�,+*- +n4k}Ë

Í ��#�,+*- +n�¨"Ëjk�#�&�)+n_��³�*qn�&'o_#�l�#�n�&'%')"z�%'#X,"*q +n�)"n4�� +n�&Lo4#�k1)"y�#�k'*q�_#��
Í ��#�,+*- +n ¯ Ë�wx "%'�0)"%'��·L#�&�)+n_�êlX#�n�&L%')+z4³ô*-n &Lo4#�l�#Xn�&'%')+z�%'#X,"*q +nê)+n_�  "n &Lo4# +343J "k1*-&'#�k'*q�_#��

Í ��#�,+*- +n4�xËjk�#�&�)+n_��³�*qn�&'o_#�l�#�n�&'%')"z�%'#X,"*q +n�)"n4�� +n�&Lo4#�k1)"y�#�k'*q�_#��
Í ��#�,+*- +n â Ë�wx +%'�p)+%'�=·L#�&�)+n_��l�#Xn�&'%')+zÎ³� +n� +3_3$ "k1*-&'#�k'*q�_#�kQ�

R
at

io
 o

f 
cr

o
ss

 s
ec

ti
o

n
s:

 D
at

a/
T

h
eo

ry

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 D
at

a 
/ T

h
eo

ry DØ
Ï

-1 = 1 fbintL

| < 1γÐ|y
 > 15 GeVT
Ñjet
Ò

p

 > 0
jet
Ò

 y⋅γÐ
| < 0.8,  y

jet
Ò

|y

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
 > 0jet
Ò

 y⋅γ| < 2.5,  yjet
Ò

1.5 < |y

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
 < 0jet
Ò

 y⋅γÐ| < 0.8,  yjet
Ò

|y

30 100 200

7.8% is overall normalization uncertainty

 (GeV)
γÓ
T
Ôp

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 (GeV)
γÓ
T
Ôp

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 ratio of data to theory (JETPHOX)
 theor. scale uncertainty
 CTEQ6.5M PDF uncertainty
 ratio of MRST04 to CTEQ6.5M
 ratio of Alekhin02 to CTEQ6.5M 
 ratio of ZEUS05 to CTEQ6.5M 

 < 0jet
Ò

 y⋅γ| < 2.5,  yjet
Ò

1.5 < |y

30 100

w¸*q,+2_%'#/¨+¨+Ë²+�6T@ h ß�8g6 a Í98gZ hTh=h 6TÍ9FG<?Z U FGZ�FGWC6iO�K S FGWC6TZC8;ù=Ì$8g6 a <?ÍXF¶<eZ U < h=h WCZCþ U Y}ZC8
6T@CÍ9W�Õ9< U 69:=@CFG<?Í=8g6 à <eZ U4Î

{�o_#p%')+&L*q � +r_y�#�)+k'2_%'#X��lX%' "k1kvk'#Xl�&'*- +n�&' �&Lo4#�,�ÿ0Ü�&'o_#� +%'��3_%'#X�_*ql�&'*- +n�*-k�k'o4 }��n
*qn�±4,"24%'#]¨+¨+��{�o_*qk�y�#�)+k'24%'#�y�#�n�&�#���&L#�n4�_k�&'o4#e�¾)"n4�Ö�¼%')+n_,+#�k'*q,+n_*q±_l�)+n�&Lzq�/ }|+#�%
34%'#�|�*- +2_k�y�#�)+k12_%'#�y�#Xn�&'k}��t�n»y�)+n���%'#X,"*q +n_k� +r�&Lo4#�±4,+2_%'#�k�y�#�)+k'24%'#��»|})+z-24#�k�)+%'#
 +24&Lk1*-�4#� +r�&'o_#�´V��wµ2_n4l�#�%'&')+*-n�&��º!_)+n_�4k�³'(�{Mû�~0«x�q¨+'�`t�nê)+�_�_*q&'*- +n�½M*q&�*-k�l�zq#�)+%



r?%' +y°&Lo4#�±_,+2_%'#�&Lo4)"&M)�k'*qy�3_zq#�&'o_#� +%'#�&'*ql�)+z$k1l�)+z-#�|})+%'*-)+&'*- +n�l�)+n_n_ +&M!_%'*qn_,��_)+&')=)+n4�
&'o_#X +%'�¾*qn�&' �)+,+%'#�#�y�#�n�&c*qn�)+z-z�r? "24%c%'#�,+*q "n4k}��t�&�k1o_ +2_zq��)+zqk' �!J#�n4 "&'#��º&'o_)+&c&Lo4#
lX#�n�&L%')+zM%'#X,+*- +nÚ%'#�k12_zq&Lk�)+%'#�l� +n4k'*qk'&'#�n�&���*q&LoÚ34%'#�|�*- +2_k�y�#X)"k12_%'#�y�#Xn�&'k�r?%' "y ú j ¯ ½(���w�½�)+n_���c���

t�n�)+�_�4*-&'*q "n]&' c&Lo4#�%')+&L*q +k�&' c&'o_#� +%'#�&'*ql�)+z�3_%'#��4*-lX&L*q +n_k}½s%')+&'*- +k��p#�%'#�&')+�+#�n�!J#X�
&��p#X#�n=&'o_#M�_*-Ù$#�%'#�n�&�%'#X,"*q +n_kQ��t�n=&'o_#Xk'#0%')+&'*- +k¸k1��k'&'#�y�)+&'*ql02_n4l�#�%'&')+*-n�&L*q#�k7 +n=&Lo4#0%')+&L*q 
zq)+%',+#�zq��l�)+n_lX#�zJ +24&p)+n_��&' +&')"z$#���3J#�%'*qy�#�n�&L)+z$2_n4l�#�%'&')+*-n�&���*qk0zq#�k'k0&'o_)+n�ª 9 �v{�o_#�%1#��k12_zq&LkV "r$&'o_#�k'#�k'&'2_�_*q#�kV)"%'#�&Lo4)"&�k'o4)+3J#�k�)+%'#�%'#�34%' ��42_l�#X��!��=&'o_#� +%'�=%'#�)+k' +n_)+!_zq���0#�zqz[½
!42_&�&'o_#�%'#�*qk�)�²�2_)+n�&'*q&L)+&'*q|"#��_*qk')+,+%'#�#Xy�#�n�&}�

â � ¯ ´§Ì$>Aß h Þ�6XF�\�8�Z hTh O46TÍ9FG<?Z U4h
´ê34z-24k¸·'#�&�3_%' ��_2_lX&L*q +n�34%' }|�*q�_#�k�)c&L#Xk'&� "r¸&'o_#�34%' "3$#�%'&'*-#Xk� +r�3v~�(�� )+n_�]&Lo4*-k�3_%' +�
lX#�k'k�*qk�&'o_#��4 "y�*qn_)+n�&�!4)"l;��,+%' +2_n4�/re +%�y�)+n���k'2_3$#�%'k'��y�#�&'&'%'*-l�k1#�)+%'lTo_#Xk}��(���w�o4)+k
%'#Xl�#�n�&'z-�®2_k'#����_*-�¶#�zq#�l�&'%' +n�±_n4)"zuk'&')"&'#�k�&L �y�#�)+k'24%'#�&Lo4#�*-n4l�zq2_k'*q|+#V·L#�&Ml�%' +k'kMk1#�l�&'*- +n4k
*qn�#�|+#�n�&Lk���*q&Lo�)_´�d�³Ø×Ï¯ «J ��w¸*q,+2_%'#]¨ ¯ k'o_ }��k�&'o_#�·L#�&Ù��=»�_*qk'&'%'*-!42_&'*- +n4k�r? +%²Úµ¨
)+n4�cÚ ¯ ·L#�&'k�³?zq#�re&}�)"n4�<,��A·L#X&V�4*-k1&L%'*q!_24&L*q +n_k�³?%'*q,+o�&}'�M.0 � ��®)+,+%'#�#�y�#Xn�&p*qkp +!_k'#�%1|"#X���*q&'oc&'o_#4,�ÿ0ÜÚ3_%'#X�_*ql�&'*- +n_kQ��{�o4#�%')+&'*- �&L �z-#�)+�4*-n4,� +%'�_#�%pk'o_ }��n®*qnc&'o_#4,��A·L#X&Vk'&'2_�_�
%'#X|+#�)+z-kV&Lo4)"&�&'o_#�ÿ0Üp�Û,�ÿ0Ü�Ð¶���¶re)+l�&' "%1Ñ��_ �#Xk�n_ +&�#���o_*q!_*q&�k'&'%' "n4,��_#�3J#Xn_�_#Xn_l�#� +nc&Lo4#
n�2_y=!J#�%� +r4·L#�&'k}�

  [
fb

/(
G

eV
/c

)]
   

je
tÜ T

/d
p

σd

-110

1

10

210

310

410

510
CDF Run II Preliminary

20)×Ý1 jet inclusive (≥ee) + →Z(

2 jets inclusive≥ee) + →Z(

-1 CDF Data  L = 1.7 fb
 Systematic uncertainties
 NLO MCFM CTEQ6.1M
 Corrected to hadron level

=1.3sep(Z), R2
T + p2

Z = M2
0

µ 
/2
Þ

0
µ = µ ; 

0
µ = 2µ 

 PDF uncertainties

D
at

a 
/ T

h
eo

ry
   

0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

1 jet inclusive≥ee) + →Z(

  [GeV/c]   jet
Tp30 100 200

D
at

a 
/ T

h
eo

ry
   

0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2 jets inclusive≥ee) + →Z(

ee
) 

[f
b

] 
  

→
 B

R
(Z

× 
je

tsß

Nσ

210

310

4
à

10

510
CDF Run II Preliminary

-1 CDF Data  L = 1.7 fb
 Systematic uncertainties
 NLO MCFM CTEQ6.1M
 corrected to hadron level

=1.3sep(Z), R2
T
á + p2

Z
â = M2

0µ 
/20µ = µ ; 0µ = 2µ NLO scale 

 NLO PDF uncertainties
 LO MCFM hadron level

ee + jets→Z
2 < 116 GeV/cee66 < M

| < 1e
1ηã > 25 GeV, |e

T
äE

| < 2.8e
2ηã| < 1  ||  1.2 < |e

2η|
| < 2.1

jet
å

 > 30 GeV/c, |yjet
å
Tp
R(e,jet) > 0.7∆
æ

   jets
ç N≥è1 2 3

R
at

io
 t

o
 L

O
   

1

1.2

1.4

1.6

1.8

w¸*q,+2_%'#Ú¨ ¯ Ëaé�6 h ßs>AF h Z[Y�F¶W+6�:=6T@ h ß�8g69:=6 U F=Z[Y�FGWC6É´
Ì$>Aß h�ö 69F=Í98gZ hTh�h 6TÍ9FG<eZ U @ h @
Y}ß U Í9FG<?Z U Z[Y ö 69Fê��= R >A6eY}F i @ U4a�U ß�:�B1698�Z[Y ö 6XF h®R 8;< à WCF i"Î

ú�k'*qn_,��4*-�¶z-#�34&' "n¾³ �  +%�ë0¸±_n_)+z�k1&L)+&'#�k=(���wÚo_)+k�)"zqk' c%'#�l�#Xn�&'zq��y�#�)+k'2_%'#X��&Lo4#



ì¸íÌî�íÌïÛðÆï ñ@ò�óõôõöø÷ ÷ÌùÀñgúÌûËü ü�ùþýÿ���� û ÿ�� ï���� �	�
� ÿ������ ð�� � � ����� ��� ��� � ��� � �"!�# $ $ ��� %�&'!�#	�
� ÿ������ ð��)( 	�
�� � � � &�& ��� ��� ��%�& � ��� �*�+�-, � � &�%�, � � �.�-, � � �*&',	�
� ÿ������ ð��)( 	�
�� ÿ/��� ð�� � � ��� � ��� &�& � ��� & �., � � � � , � � �.%�, � � 0 �-,

{�)+!_zq#c¨+Ë�{�o_#�y�#�)+k'2_%'#X��l�%1 "k1kMk'#Xl�&'*- +n�)+n_��l�%' +k'k�k'#�l�&'*q +n�%')+&'*- +k� +r�´�3_zq2_k21��f·L#�&M&' 
*qn_lXz-24k'*q|"#�´§)+n_�´§3_zq2_kV·L#X&�l�%' +k'k�k1#�l�&'*- +n4k�)+k��p#Xz-z�)+k�&'o_#� +%'#X&L*ql�)+z�34%'#��_*ql�&'*q "n4k�re +%
&'o_#Xk'#�²�2_)+n�&L*q&'*-#�k�re%' +y Ó4Ô�Õ$Ö�×eØ ½ Ø'3CÓ�465�798;:=<?>A@CBEDF@ GIHKJMLONQP=R.R.SQNQJ.HKP=<?TVU�P�RVWCX
:=<�>YL?:=>�R.P�<�H�Z[:�J.HKP=<Y:=\]S[NQJ.T_^

`ba?cKd TVe�fhg.SQJCNQR.P=T.TiT.SQN[JMHKP=<6^kjIL?HKTClmS[:�T d R.SQlmS[<nJ a R.P�oESQTCJ.L?SVL?SQ:_pFqsr?:_p=P=RCNQP=<FJMS[<nJ
P=U9J.L?S a R�P�J.P=<t:=<?>tH�TC:=<tHKl a P=R.JM:=<FJ�o?:=N+unv=R.P d <�>tU)P=R�T�H�<�v c q a R.Pn> d NQS[>wJ.P atxnd :=R.u"8`iy 8z:=<�>sT d�a SQR.T�qnlmlmSQJ.R.HKN2{CHKv�v=T�T.SQ:=R.N+L?SQT|^9}�P=RkJ.L?HKTk:=<?: c qnT�H�T�J.L?S2HK<Fp_:�R�H�:=<nJ�lm:�T�T
>�H�T�JMR.HKo d J.H�P=<~U�P�RiJ.R.:=N�uFT a P=HK<nJ.HK<?v�J.P�:�>?HKT a�c :=NQS[>~p=SQR.J.SQ�sHKT d T.SQ>~J.P�T.S a :�R�:�J.SVo;8�Nn8
:=<�> c HKv�LFJ xFd :=R.u�NQP=<FJMR.HKo d J.H�P=<?T�J.P�J.L?S `�a?cKd T'gMS[J/SQp=SQ<FJMT|^���<�J.:=o c S���JML�S�lmSQ:=T d R.S[>
N[R.P=T.TkT.SQN[JMHKP=<s:�<�>sNQR.P=T.TkT.S[NQJ.H�P=<sR.:=J.H�P=TkP=U `�a?cKd T�e�fhgMSQJkJMP�H�<�N cKd T.HKp=S ` :�<�> `�a�c�d T
g.SQJINQR.P=T�TIT.S[NQJ.H�P=<?Tk:=R.S�T�L?P_GI<6^
� ^ � ���E�h�z�i�n�����6�������i���� ��-¡)��¢��
£¤a?cKd T�NQfhg.SQJ a R�Pn> d NQJ.H�P=<¥H�T�:=<¦HKl a P=R.J.:�<FJ2o�:�N+unv=R.P d <�>¦U�P=R2T d�a SQR.T.qFlmlmSQJ.R.HKNmJ.P axFd :=R.uO:�<�>A{CH�v=v=T a R.PF> d NQJ.H�P=<6^���<§:�>�>?HKJMHKP=<AJ.L?SslmS[:�T d R.SQlmS[<nJ�P=UCHKJMT�N[R.P�T�T�T.S[NQf
J.HKP=<bJ.SQT�JMTtJ.L?S¨T.f xFd :=R.u©NQP=<nJ.SQ<FJwP=UVJ.L�S a R�P�J.P=<6^«ª�SQNQS[<nJ c q©¬�®lmS[:�T d R.SQ>¯J.L?HKT
N[R.P=T.TVT.S[NQJ.H�P=<°:=<?>OU)P d <?>OR.SQ:=T.P=<?:=o c S�:=v=R.SQSQlmS[<nJVGIH�J.L°J.L?Sw±'²�³?´;5�µ¤¶�·=¸ a R.SQ>�H�N[f
J.HKP=<¹¶=º�»�¶=¼]¸½^�� a?cKd TVe�fhg.SQJ a R.PF> d N[JMHKP=<tHKTCJ.L?S¾>�P=lmH�<�:�<FJCo?:=N�uFv=R.P d <?>~U)P=RCT.HK<?v c S
J.P aOxFd :=R.u¥:=<�>©� y T.SQ:=R.N�L�SQT_^¿WCT.HK<?v¿:¿>?HKT a?c :=NQSQ>�p�S[R.J.SQ�¥lm:=T.TmÀ?J_8kÁ;¬i}ÂlmSQ:=f
T d R.SQ>�JML�S�N[R.P�T�T�T.S[NQJ.H�P=<�U)P=RY� a?cKd Tse�fgMSQJ�S[p�S[<nJ.T�GIHKJ.LO:=<OS c S[NQJ.R.P�<�P=R�l d P=<�P�U
Ã?Ä¦Å ¶�ÆtÇ SQÈVÉ�Ê�:=<?>¨Ë Ì6ËzÍ¯�|Î)�=8FlmH�T�T.HK<?vmJ.R.:=<?T�p�S[R.T.S2SQ<?SQR�v�q�v=R.SQ:=J.SQRkJML�:�< ¶=ÏtÇ S[È�8
:=<�>tP=<?S¾P=RClmP=R.S�e�f-J.:=v=v�S[>mg.SQJ.TCGIHKJML Ã Ä Å ¶=Æ¦Ç SQÈVÉ=Êk:=<?>�Ë Ì�ËEÍ ¶ Î Æ ^kjIL?SVR.SQT d�c J
HKTCÐFÑ�Ò6Ó�Ô�Õ�ÖM×)Ø�ÙmÚkÛ�Ü��ÞÝàß�á ¸ãâ°¶ Î · �Iä Æ Î ¶]· Ü�å.æQçQæ ¸ ä Æ Î � ¶ Ü�å.è"å.æ ¸ Ã e[^6jIL?HKT�lmSQ:=T d R.S[f
lmS[<nJéT.L�P d?c > a R.P_pFHK>?S d T.SQU d?c NQP=<?T.J.R.:=HK<nJ.TéJ.PVJ.L?SV�êoEP�T�P=< a?cKd T�o?fhg.SQJéo?:=N�uFv=R.P d <?>�T
U�P=RIlm:=<nq�U d J d R.S�T�SQ:=R.N�L�SQT_^
ë ì�ímîàímï�ð;ñ�ò�ó6ô[õ�ï�ð;ô
ö SQ:=T d R�SQlmSQ<FJMTsU�R.P=l÷J.L?S¦j;SQp_:=J.R.P=<øª d <ø�.��:=R.S¦>?SQÀ�<?HK<?v�:A<?S[G c SQp=S c P�UYù2Á;¬a R.SQNQHKT.HKP=<�lmS[:�T d R.SQlmS[<nJ.TIH�<YL?:=>?R.P=<?f L?:=>?R.P=<YNQP c�c HKT.HKP�<�T_^;��<�J.L?HKTI<?P=J.Silm:=<nq�R.S[T d?c J.T
U�R.P=l¯J.L?S�j6SQp|:�J.R.P=<6ú T;R.H�N+L a R.P=v�R.:=lÂH�<Yù�Á;¬§T.J d >?HKSQT;L?:_p=S�o]SQSQ<¾R.SQpFH�S[G�SQ>¾H�<�N cKd >?HK<?v]û
g.SQJCNQR�P�T�TCT�SQNQJ.HKP�<�T_8 £ýü gMSQJ.T_8ÿþ ü gMSQJ.T_8�� ü gMSQJ.Ti:=<?>~lmP=R.Sn^kjIL�S¾R.S[NQSQ<FJCH�<�N cKd T.HKp=SIg.SQJ
N[R.P=T.T�T.S[NQJ.H�P=<�lmSQ:=T d R.S[lmSQ<nJ.T6U)R.P=l Á;¬i}Y:=<?>�¬�~R.S a P�R�J'<�H�N[Sã:=v�R.S[SQlmSQ<FJ�GIH�J.L������a R.SQ>?HKNQJ.HKP�<�T�:=<?>¦P�o�T.SQR.p=S�T�H�lmH c :�R2JMR.S[<?>?T2H�<¿J.L�S�>?:=J.:�f JML�SQP=R.qwN[P=l a :=R.H�T�P�<;^���P�T�P=<a�c�d TÿgMSQJk:�<�>so]P=T.P=< a?cKd TkL?S[:_pnq�r�:_p=P�RkNQR.P=T�TIT�SQNQJ.HKP�<�Tk:�R�S�oESQHK<?vmlmS[:�T d R.SQ>;^ÿjIL?SQT�S



lmS[:�T d R.SQlmS[<nJ.T6:=R.S/H�l a P�R.J.:=<nJ6U)P=R6J.SQT.J.T6P=U a ù2Á;¬�:=<�>�JML�SQqi: c T.P a R.P_pnHK>?S/HKl a P=R.J.:=<nJ
N[P�<�T.J.R.:=H�<FJ.TVJML�SQq a R�P_pnHK>?S�P=<°H�l a P=R.J.:=<nJVo?:=N�uFv=R.P d <?>�T¾U�P=R¾<�SQG a LnqFT.HKNQTVT.S[:=R.N�L?S[T
U�P=R2T d�a SQR.T.qFlmlmSQJ.R.q~:=<?>¥JML�Sm{CHKv�v=T�o]P=T.P=<6^�j;PsT d lmlm:=R.H�ZQSF8"J.L?S~ù�Á;¬ a R.P=v=R.:=lmT
P=U�J.L?SOÁ;¬i} :=<?>�¬� S[� a S[R.H�lmS[<nJ.T�:=R.St>?SQ>�H�N[:�J.SQ>�J.P¨J.SQT.J.HK<?v¨:=<?>�NQP=<?T�JMR.:=HK<?HK<?va ù�Á;¬ :=<�>¦: c T�PslmSQ:=T d R.H�<�vsNQR.P=T.T2T�SQNQJ.HKP�<�T2P=UéH�l a P�R.J.:=<nJ2o�:=N�uFv�R.P d <?> a R.PFNQSQT.T�SQT_^
jIL�H�T9H�l a P=R.J.:=<nJÿSQ\]P=R.JÿGIH cKc NQP=<nJ.H�< d S�JMP a R.PF> d NQSéHKl a R.P_p=SQ>�R.SQT d�c J.Tÿ:=TÿJ.L?Séj;SQp_:=J.R.P=<
>�:=JM:mT�:�l a�c S2NQP=<FJMHK< d SQTkJMP�v�R.P_G¾8FT�PmT.J.:_q�J d <?SQ>;^£ S�J.L?:=<?u�J.L?S�}�SQR.lmH c :=owT.J.:=\~:=<�>sJ.L?S�J.SQN+L?<?HKNQ: c T�JM:=\]T�P=UÿJ.L?S a :=R.J.H�NQH a :=J.HK<?v
HK<?T�JMHKJ d J.H�P=<�T�U)P=RéJ.L?S[H�R�pnHKJ.: c NQP=<nJ.R.HKo d J.HKP=<?T_^;jIL?HKT�G�P�R.u�G�:�T�T d?a?a P�R.J.SQ>�oFq�JML�SiW�^ 	6^
¬�S a :=R.J.lmSQ<FJ�P=U�X/<?S[R.v=q¿:=<?>
�C:=J.H�P=<?: c 	?NQHKSQ<�NQS�}�P d <?>�:=JMHKP=<��ÿJML�S���JM: c H�:=<°��T.J.H�J d J.P
�C:=ZQHKP=<?: c S�>?H�}ÿHKT.HKNQ:� d N c S[:�R.S��zJ.L?S ö HK<?HKT.J.R.q�P�UÿX/> d NQ:=JMHKP=<68�Á d�c J d R.SF8�	 a P=R.J.T_8�	�NQHKf
S[<?NQSC:�<�>�j;SQN+L?<?P c P�v=qmP=U��n: a :�<���JML�S��C:=J d R.: c 	�NQHKSQ<?NQS[T�:=<?>�Xã<�v=H�<�SQSQR.HK<?v¾ªkS[T.SQ:=R.N+L
Á;P d <�NQH c P=U�Á;:�<�:�>�:��éJ.L?S��C:=J.H�P=<?: c 	?N[H�SQ<�NQS°Á;P d <�NQH c P=UCJ.L�SsªkS a�d o c HKNsP=UmÁ;L?HK<?:��
J.L?S�	�G�HKT.T��C:=JMHKP=<?: c 	�NQH�S[<?NQS�}�P d <?>�:�J.HKP=<��EJ.L?S��m^ �/^�	 c P=:=<~}�P d <�>?:=J.H�P=<��"JML�S�� d <�f
>�SQT.lmHK<?HKT.J.SQR.H d l U��d R���H c > d <?v d <?>�}�P=R.T.N+L d <�v]8 Ç S[R.lm:�<Fq���J.L?S �2P�R�SQ:=<!	�NQHKSQ<?N[SC:=<�>
X/<�v�HK<?S[SQR.HK<?v2}�P d <?>?:=J.HKP�<�:�<�>mJ.L?S"��P=R.SQ:=<mª�SQT.S[:�R.N+Lm}�P d <?>�:=JMHKP=<��=JML�S#	?N[H�SQ<�NQSI:=<�>
j;SQN+L?<�P c P=v�qm}�:=N[H c H�J.HKSQT�Á;P d <?N[H c :�<�>�JML�Skª�P_q�: c 	?PnN[H�S[J�qn8=W��$��J.L?S���<?T�JMHKJ d J%�C:=J.H�P=<?: c
>�S��/LnqFT.H xFd S�� d N c S[:�HKR.S�S[J&�ãLFqnT�H xFd SC>?SQT��ÿ:�R.J.HKN d?c SQT('�Á��Cª"	��=JML�S�ª d T.T�H�:=<�}�P d <�>?:=f
J.HKP=<sU)P=R"��:�T�H�N�ªkSQT�SQ:=R.N�L��zJML�S ö HK<?HKT.J.SQR.HKP�>?S2X/> d NQ:=NQH*)P�<wq¦Á;HKSQ<�NQHK:m:=<�>��/R.P�v=R.:=lm:
Á;P=<?T�P c HK>?SQR.f ��<?v=SQ<?HKP ¶�Æ � Æ 8+	 a :=HK<��nJ.L?S 	 c P_p_:=u�ª�,�¬-��v=SQ<�NQq��n:�<�>�JML�S ��N[:=>?SQl¾q�P�U
}ÿHK< c :=<?>;^
.!/�01/+23/ ð;ñ / ô
�=^é¬�^zXi^��CNQP=T.J.:¦�[��4��65�7KÁ;¬i}ÂÁ;P cKc :�o]P=R.:=J.H�P=<98*8��/LFqnT|^zªkS[p"^z¬;:�<'8 Æ � ¶=Æ=Æ ��Ü ¶=Æ�Æ=Ï]¸7 :=R>=CH�p'û L?S a f SQ��' Æ � � ¶�Æ]· �?8*^
¶ ^éj�^��6SnÁ;P=l a J.S�:=<?>s{m^Fj¾^n¬�H�SQL c 8��C<?<;^FªkSQp'^�� d N c ^��ÿ:�R.J_^�	?N[H*^ ë�@ 8 · �mÜ ¶=Æ=Æ=Æ�¸ ^
�]^éj�^�	_g.P�T�JMR.:=<�>68��/^iX/>?SQ<;8wÁI^i}�R.HKo]SQR.v]8��é^���P=<?<Fo c :�>;8 Ç ^ ö H d 8�	6^ ö R.SQ<�<?:

:�<�>�Xi^%�CP�R.R�o?HK<68¾Á6P=l a�d J_^%�ãLFqFT_^iÁ;P=l�l d <6^"<�A ë 8 ¶ � º Ü ¶=Æ=Æ � ¸ 7 :=R>=CH�p'û L?S a fa L�' Æ=Æ � Æ=Æ � · 8�^
� ^éj�^��C\]P c >?SQR_8����&4���7KÁ;¬i}bÁ;P cKc :=o]P=R.:=JMHKP=<�8�8��/LnqFT_^Fª�SQp"^F¬CB ë 8 Æ=¼=¶�Æ=Æ=¶ Ü ¶=Æ�Æ=¶]¸ ^
Ï ^éªV^�}ÿH�S c > :�<�> ªV^�ÁI^ Ç R.P d?a 7 }�P=ROjIL?S Á;¬i}÷Á;P cKc :=o]P=R.:=JMHKP=<�8�8�:=R>=CH�p'û L?S a fa L�' Æ=Ï � Æ � ¼=º 8�Ü ¶=Æ=Æ=Ï�¸ ^
D ^é¬�^E�CNQP=T.J.:]8°���F4��!7 jIL�S Á ö 	 Á;P cKc :�oEP�R.:=J.HKP�<98*8¨Á;X/ª"�Cf�Á ö 	?fG�H��jIX/f ¶=Æ=Æ D f

Æ D · 8'Ü ¶�Æ=Æ]·=¸
· ^��ã^9þ'^I	?u_:=<?>?T|8/Á6P=<FJMR�H�o d J.H�P=<¦J.P���SQT2{CP d N�L�SQT £ P=R.uFT.L?P a P=<F�/LnqFT.HKNQT2:=J�j;SQÈ

Á6P cKc HK>?S[R.T_8F}ÿX/ª ö �J�K���éf�Á#���C}ÿf Æ]· f ·�Æ D f-j¾8'Ü ¶=Æ�Æ]·=¸
º ^éXC^=X/H�N+LnJ.SQ<;8L��^=¬�^L��:=<?S�:=<?> ö ^=XC^L�ÿSQT.uFHK<68L�/LFqnT|^�ªkS[p"^L��SQJ.J_^ ë�@ 8 º �=�¾ÜM� ¼=º � ¸ ^



¼ ^é¬�^��E^ Ç R.P=T.TI:=<?>s}k^ £ H c NQZQS[u"8��/LnqFT_^Fª�SQp"^F¬CM'8F� D �=�tÜ.� ¼�· � ¸ ^
� Æ ^é{�^_}�R.H�J.ZQT�N�L68 ö ^ Ç S cKc f ö :=<?<�:=<?>m{�^3��S d J�GIq c SQR_8N�/LFqnT|^O�6SQJ.J�^3�QP�:'8|� D Ï ÜM� ¼]· � ¸ ^
�=�=^é¬�^I	?J d l a 8��E^E{ d T.J.P=<68��"^I� d l a?c H�<;8 £ ^���^Ej d <?v]8"{m^I�é^I��:=H�8�	;^I� d L c lm:=<�<

:�<�>R�E^F}k^��éG�SQ<?T|8���{CXS� @ A�< @ 8 Æ � D Ü ¶=Æ�Æ � ¸ 7 :�R(=�HKp"û L?S a f a L�' Æ � Æ � Æ ���L8�^
� ¶ ^���^��Co d?c SQ<�NQHK:¿�[��4��65�7KÁ;¬i}¯Á;P c�c :=o]P=R.:=JMHKP=<�8�8��/LnqFT_^zª�SQp"^z¬;:�P'8 Æ]· �=� Æ �~Ü ¶=Æ�Æ D ¸7 :=R>=CH�p'û L?S a f SQ��' Æ=Ï � ¶�Æ=¶=Æ 8*^
�+�]^���^T�Co d?c SQ<�NQH�:ý���$4��65E7KÁ;¬i} Á;P c�c :=o]P=R.:�J.HKP�<98*8 �/LnqFT_^�ªkSQp'^T��SQJ.J_^�U�B'8m� ¶=¶�Æ=Æ �

Ü ¶=Æ=Æ D ¸ 7 :=R>=CH�p'û L�S a f SQ�+' Æ=Ï � ¶�Æ D ¶ 8*^
� � ^���o�:�Z[P_p"8FÈm^ ö ^����%4��65K7 ¬ Æ Á;P cKc :=o]P=R.:=JMHKP=<�8�8F:=R>=CH�p'û Æ�º=Æ=¶ ^ ¶ � Æ=Æ 7 L?S a f-SQ��8*^
� Ï ^��ã^ ö ^��C:=>?P c T�unq¥���&4��V5)8F:�R>=CHKp"û Æ=º�Æ=¶ ^ Æ�Æ=Æ]· 7 L?S a f a L�8�^
� D ^���^��Co d?c SQ<�NQHK:¿�[��4��65�7KÁ;¬i}¯Á;P c�c :=o]P=R.:=JMHKP=<�8�8��/LnqFT_^zª�SQp"^z¬;:�P'8 Æ]· �=� Æ �~Ü ¶=Æ�Æ D ¸7 :=R>=CH�p'û L?S a f SQ��' Æ=Ï � ¶�Æ=¶=Æ 8*^
� · ^�	6^ÿ¬�^ÿX c�c H�T�:=<?>§¬�^ÿXi^W	?P a SQR_8%�/LnqFT_^ÿª�SQp"^ÿ¬XP�M'8/�]� D Æ ÜM� ¼=¼ � ¸ 7 :=R>=CH�p'û L?S a fa L�' ¼ � Æ�Ï=¶ DLD 8�^
� º ^2þ"^��C:=v=qn8��/LnqFT_^FªkS[p"^���S[JMJ_^�M�M'8'� ¶=¶=Æ�Æ �tÜ ¶=Æ=Æ�¶]¸ 7 :=R>=CH�p'û L�S a f a L�' Æ �=� Æ �]� Ï 8�^
� ¼ ^éj�^��C: c J.P=<?S[<°���&4��V5�7KÁ;¬i}bÁ;P c�c :=o]P=R.:�J.HKP=<�8*8z:=R>=�HKp'û Æ]· � ¶ ^ Æ D Æ � 7 L�S a f-S[�+8�^
¶=Æ ^éÈ�^��m^���L�P�Z[Sn8 ö ^ Ç ^FªkqFT.uFH�<s:=<?> £ ^��E^�	�JMHKR c H�<�v�8F:=R>=CH�p'û L?S a f a L9' Æ D Æ]· �+� � ^
¶ �=^éÈ�^��m^���L�P=ZQSn8��m^'¬�^ ö :�R.J.HK<°:�<�> ö ^ Ç ^'ªkqFT.uFH�<;86X d R_^��/LnqFT_^��"^�ÁY<�P'8 Ï�¶=ÏÜ ¶=Æ=Æ=Æ�¸ 7 :=R>=CH�p'û L�S a f a L�' Æ=Æ=Æ�¶=Æ]·+¶ 8*^
¶=¶ ^��E^�� c HKJMJ.Hé���&4��V5�7 W�� ¶ Á;P c�c :=o]P�R�:�J.HKP�<98*8��ãLFqFT_^���SQJ.J_^��-Z�B�A'8 Ï �=� Ü.� ¼=¼ � ¸ ^
¶ �]^é¬�^zXi^��CNQP=T.J.:¦�[��4��65�7KÁ;¬i}ÂÁ;P cKc :�o]P=R.:=J.H�P=<98*8��/LFqnT|^zªkS[p"^z¬;B ë 86��� ¶=Æ=Æ �~Ü ¶=Æ�Æ=¶]¸7 :=R>=CH�p'û L?S a f SQ��' Æ=¶=Æ � Æ=Æ � 8*^
¶ � ^éÈ�^ ö ^��Co?:=ZQP_pb���[4��65�7 ¬ Æ Á;P cKc :�oEP�R.:=J.H�P=<98*8%�ãLFqFT_^���S[JMJ_^��\B�A�U'8C� Ï �¦Ü ¶=Æ�Æ D ¸7 X/R.R.:=J d lmf-HKo?HK>6^��-B ë M�8 ¶�º=Ï Ü ¶=Æ�Æ=º]¸ 8&7 :=R>=CHKp"û L?S a f-SQ��' Æ�Ï �=� Æ�Ï � 8�^
¶=Ï ^éÈ�^ ö ^��Co?:=ZQP_p¥���&4��V5�7 ¬ Æ Á;P c�c :=o]P�R�:�J.HKP�<98*8z:�R>=CHKp"û Æ=º=Æ � ^K��� Æ]· 7 L�S a f-S[�+8�^
¶ D ^éj�^���: c JMP=<?S[< ���H4��65[7�Á;¬i} Á;P c�c :=o]P=R.:�J.HKP=<�8�8"�/LnqFT_^�ª�SQp'^&��SQJ.J_^"< @�@ 8V� Æ=¶�Æ=Æ �

Ü ¶=Æ=Æ=º�¸ 7 :=R>=CH�p'û Æ]· �=�=^ � · � · 7 L?S a f-SQ��8]8�^
¶]· ^ ö ^W�é^ ö :=<?v=:=<?P]8 ö ^ ö P=R.S[JMJ.H�8/}k^^�ãHKNQNQHK<?HK<?H�8�ªV^W�/HKJ.JM: d :=<?>_�m^ÿ¬�^W�ÿP c P=T.:]8

��{�X%� @ A @ :'8 Æ=Æ �mÜ ¶�Æ=Æ � ¸ 7 :=R>=CHKp"û L?S a f a L9' Æ=¶=Æ D ¶�¼ �L8*^
¶=º ^éÈ�^ ö ^��Co?:=ZQP_p¥���&4��V5�7 ¬ Æ Á;P c�c :=o]P�R�:�J.HKP�<98*8z:�R>=CHKp"û Æ=º=Æ �]^ ¶�¶=Ï=¼ 7 L�S a f-S[�+8�^
¶=¼ ^éj�^���: c JMP=<?S[< ���H4��65[7�Á;¬i} Á;P c�c :=o]P=R.:�J.HKP=<�8�8"�/LnqFT_^�ª�SQp'^&��SQJ.J_^"< @�@ 8 Æ=¼ � º=Æ �Ü ¶=Æ=Æ=º�¸ 7 :=R>=CH�p'û Æ]· �=�=^ ¶=¼=Æ �7 L?S a f-SQ��8]8�^


